Introduction
The Hanford Reach National Monument (HRNM) consists of several units, including the McGee Ranch-Riverlands Unit and the North Slope made up of the Saddle Mountain Unit and the Wahluke Slope Unit. The McGee Ranch-Riverlands Unit is located to the north and west of Highway 24 and is bordered by the Columbia River and private land (Figure 1.1) . The North Slope consists of two distinct units: the Saddle Mountain Unit and the Wahluke Slope Unit, both located north of the Columbia River. The North Slope units do not include Columbia River islands or riverbank below the high water line. The exception to this is Savage Island, which is an intermittent island and is within the North Slope boundary. To fulfill an internal requirement prior to radiological release of property, the U.S. Department of Energy (DOE) must evaluate the potential for residual radioactive contamination on this land, and determine compliance with the requirements of DOE Order 5400.5 (DOE 1993) . DOE Order 5400.5 requires that a request for radiological release criteria, i.e., Authorized Limits, be developed and submitted to the applicable DOE headquarters program office for approval. For the Hanford Site, this is the DOE Office of Environmental Management (EM). The request for Authorized Limits, which is based on an annual exposure limit of 100 mrem to the public, was submitted to DOE-EM on December 22, 2003. DOE-EM approved the requested Authorized Limits on March 1, 2004.
Soil sampling as defined in this plan will be conducted on the McGee Ranch-Riverlands Unit and North Slope in an effort to demonstrate compliance with the Authorized Limits. Samples will be collected and analyzed for the suite of radioactive constituents identified in the Authorized Limits. The results of these soil samples will be evaluated to determine if the units have concentrations of radionuclides that are below the approved Authorized Limits.
There were no activities known to have occurred on the North Slope that could have resulted in radionuclides being released (Fritz et al. 2003) . The main source of radionuclides present in North Slope soil is likely atmospheric deposition from worldwide fallout and Hanford atmospheric emissions (Fritz et al. 2003; Heeb 1994) . Another potential source of radionuclides for the North Slope is liquid effluent into the Columbia River (Fritz et al. 2003) . The single pass reactors that operated on the Hanford Site along the south bank of the Columbia River until 1971 released radionuclides into the Columbia River. While most of these were short-lived and would have long ago decayed away, some had sufficiently long half-lives that they could still be present in river sediment along the North Slope shoreline.
1.1
On the McGee Ranch-Riverlands Unit, the most likely source of contamination from Hanford operations is the Riverlands classification yard. The Riverlands classification yard was constructed in 1943 and decommissioned in 1964; it served as the point of entry and exit for rail traffic for the Hanford Site. Rail cars that transported contaminated material were washed at the Riverlands classification yard (Fritz et al. 2003) . Although the classification yard was cleaned up and released (Fritz et al. 2003) , this portion of the McGee Ranch-Riverlands Unit likely poses the highest potential for elevated levels of radionuclides in the soil. The only other sources of radionuclides in soil on the McGee Ranch-Riverlands Unit identified in the historical site assessment are atmospheric deposition of Hanford origin material and worldwide fallout (Fritz et. al. 2003; Heeb 1994) . For most radionuclides, vertical movement through the soil is limited (Price 1991), so sampling the surface soil provides the most conservative measure of accumulated radionuclide concentrations and, therefore, the best data for determining compliance with the approved Authorized Limits. The goal and design criteria of this sampling effort is to collect an adequate number of soil samples to determine with a high degree of statistical confidence (99%) if the concentrations of the radionuclides of concern in soil on the McGee Ranch-Riverlands Unit and North Slope are below the approved Authorized Limits.
Sampling Procedure
Sample collection will be conducted according to procedures (Hanf and Poston 2004) established and used for the Hanford Surface Environmental Surveillance Project (SESP). The soil collection procedure consists of collecting five sub-samples of the surface soil at each location and compositing them into a single sample submitted for analysis. Each sub-sample location is separated by at least 9 meters, with a minimal amount of vegetative cover, few rocks, and do not appear to have been eroded recently. The five sub-samples are collected with a 10-centimeter-diameter, 2.5-centimeter-deep "cookie cutter" sampling device. Collection staff will record the latitude and longitude of each sampling location for accurate spatial analysis of the data. This procedure is the same one used in the collection of historical soil concentration data evaluated in the historical site assessment (Fritz et al. 2003) , resulting in consistent collection techniques as historic soil samples. All sample collection documentation will be consistent with the established SESP sample collection and chain-of-custody protocols.
Determination of the Number of Samples
To determine the number of samples necessary to evaluate the soil concentrations of radionuclides, and provide a high degree of statistical confidence that the Authorized Limits are not exceeded, the Visual Sample Plan (VSP) computer program was used (Gilbert et al. 2001; Hassig et al. 2002) . This program was developed to provide a tool for selecting the right number and location of environmental samples so the results of statistical tests performed on data collected via the sampling and analysis plan have the required confidence for decision making. As an added measure, the calculation of the number of samples necessary was done assuming the action level to be one-fourth of the approved Authorized Limits.
North Slope Units
The VSP program was run using the statistical information about each radionuclide from historical monitoring data. Strontium-90 is the radionuclide that requires the most samples to meet the statistical requirement of being 99% confident that North Slope soil concentrations are lower than the approved Authorized Limits. A standard deviation of 0.15 pCi/g was calculated from historical results for strontium-90 (see Appendix A). To provide a high degree of confidence that the North Slope units comply with the approved Authorized Limits, parameters were set in the VSP program to provide only a 1% chance of incorrectly concluding the site had concentrations below the approved Authorized Limits. A 5% chance of incorrectly determining that the site exceeded the Authorized Limits was allowed. It was assumed that due to atmospheric deposition patterns across the North Slope, the results might not be normally distributed; therefore, parameters in the software were set to account for a non-normal distribution of results. The results of VSP indicated that for the North Slope, 20 soil samples are required. This includes a 10% increase in the sample size to account for missing or unusable data. A detailed description of the VSP results for this sampling plan is included in Appendix A.
While the VSP program is a useful tool in determining the number of samples necessary for determining compliance with Authorized Limits approved by DOE-EM, there are some design assumptions in the VSP program that warrant further consideration in the development of a soil sampling plan. The VSP 2.1 program assumes the terrain to be flat. This is not the case on the North Slope, with elevations ranging from 115 meters in the southeastern corner to 600 meters at the top of the Saddle Mountains. To assure that the sampling design would allow for an evaluation of potential spatial differences, due to elevation or variability in concentrations across the North Slope units, a random start grid pattern rather than randomly selected individual sampling locations was used in selection of the sampling points. The random start grid pattern maintains the requirement for random sample locations and ensures that samples will be collected from different elevations and from locations evenly distributed across the North Slope. To further account for terrain and elevation effects, as well as potential radiological contaminant concentration variability, 10 additional soil samples will be collected at various locations (Section 2.2).
The Columbia River is the southern border of the North Slope units. Historical sampling results and direct radiation monitoring indicate that there is a potential for contamination to have been deposited along the shoreline of the North Slope Unit from Hanford liquid effluent during reactor operations. Results indicated that the most likely place for contamination to have accumulated is in the Savage Island slough at the southeastern corner of the North Slope. To account for the potential elevated contaminant levels along the river shore of the North Slope, an additional 18 samples will be collected from the North Slope shoreline. Since Savage Island was identified in the historical site assessment (Fritz et al. 2003) as having the highest likelihood of elevated levels of radionuclides, 6 of the 18 samples collected along the Columbia River shoreline will be collected from on and around Savage Island and the Savage Island slough.
McGee Ranch-Riverlands Unit
The McGee Ranch-Riverlands Unit is significantly smaller than the North Slope units, and is upwind and upriver from Hanford atmospheric emissions and liquid effluent discharge. The small size of the unit and the upwind location make it unlikely that there is significant spatial variability in the soil concentrations as a result of deposition patterns. This allows for an assumption that the soil concentration results will be normally distributed. For developing the scenario for input into VSP to determine sample size, all input parameters (with the exception of the assumption of a normal distribution) were the same as those for the North Slope. The resulting number of samples in the random start grid calculated to be necessary to determine compliance with the approved Authorized Limits is seven. To provide more confidence in the results, five additional samples will be collected across the McGee Ranch-Riverlands Unit at various locations selected by collection staff (Section 2.2).
In the historical site assessment (Fritz et al. 2003) , the Riverlands unit classification yard was identified as having the highest potential for radiological contamination as a result of past practices. Although previous work has concluded the Riverlands unit classification yard to have levels of radiological contamination below Washington Administrative Code (WAC) 173-340, Model Toxics Control Act residential standards (DOE et al. 1996) , an additional seven soil samples will be collected within the boundary of the old classification yard in order to verify previous results, and provide an added measure of confidence that soil concentrations on the entire McGee Ranch-Riverlands Unit are below the approved Authorized Limits.
Overall, 67 soil samples will be collected across the McGee Ranch-Riverlands and the North Slope units. The number of soil samples planned for collection is outlined in Table 2 .1. These 67 samples provide a sufficient sample size to allow a statistically valid determination of whether or not concentrations of radionuclides in soil on these HRNM units are below the approved Authorized Limits. McGee Ranch-Riverlands Unit random start grid 7
McGee Ranch-Riverlands Unit selected locations 5
Riverlands unit classification yard 7
Total soil samples 67
Sample Locations
Using the VSP program with a systematic grid pattern and a random starting location provides good spatial coverage of the units. The sampling locations calculated by the VSP program are illustrated in Figure 2 .1, and global positioning system (GPS) coordinates are provided in Table 2 .2. It is assumed that due to terrain and a lack of roads in some areas, sampling exactly at the selected locations may not be possible at all locations. Every reasonable effort will be made by collection staff to collect samples from the predetermined locations, but for those locations that are deemed inaccessible, samples will be collected as close as possible to the location determined by the VSP program. For the additional samples being collected to augment the sampling locations determined by the VSP program, samples will be collected from locations that are determined to have a potential for accumulation of radionuclides, or appear to have above average use by members of the public. Samples collected near the Columbia River shoreline on the North Slope will be collected from the riparian zone since defining and identifying the high water line is problematic at some locations along the shoreline. Six samples will be collected on and around Savage Island and the Savage Island slough. The other 12 samples from near the Columbia River shore will be collected at evenly spaced intervals beginning at the Vernita Bridge and ending at the upstream edge of Savage Island. 
Sample Analysis
A subcontracted analytical laboratory will conduct analysis of soil samples collected. This is the same laboratory used for analysis of routine soil samples collected by SESP, again providing a measure of consistency with historical environmental monitoring data. The suite of radionuclides selected for analysis (Table 2. 3) was determined from historical data and the derivation of the approved Authorized Limits (Fritz et al. 2003; Napier et al. 2004 ). Samples will not be analyzed for americium-241 since there is no reason to expect detectable concentrations. Americium-241 is only included in the Authorized Limits because of its use in research on another unit of the HRNM. The analytical methods will be adequate to detect concentrations well below the approved Authorized Limits. Results for other radionuclides will be obtained as an artifact of the analytical procedures. A gamma scan provides results for 23 radionuclides, and an isotopic plutonium analysis measures concentrations of plutonium-238 as well as plutonium-239/240. 
Quality Control/Quality Assurance
Quality control and quality assurance will be maintained through procedures currently in place for the SESP. These include sample collection procedures, records management, chain-of-custody, database management, data verification, and analytical techniques. All samples will be split with a riffle splitter, and half of the sample will be archived to allow for future re-analysis or to analyze for other constituents that may be deemed necessary.
Another quality assurance measure in place is collocated sampling with the Washington Department of Health (WDOH). For the SESP routine soil sampling, the WDOH collects some samples at the same locations as the SESP, and analyzes them independently. This provides an added measure of assurance that the collection procedures and analytical techniques provide good quality data.
Visual Sample Plan Results for the North Slope Units

Appendix A Visual Sample Plan Results for the North Slope Units
A.1 Systematic Sampling Locations for Comparing a Median with a Fixed
Threshold (Nonparametric -MARSSIM)
A.1.1 Summary
This appendix summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for conducting post-sampling data analysis. Sampling plan components presented here include how many sampling locations to choose and where within the sampling area to collect those samples. The type of medium to sample (i.e., soil, groundwater, etc.) and how to analyze the samples (in situ, fixed laboratory, etc.) are addressed in other sections of the sampling plan. Calculated total number of samples 20
Number of samples on map 
A.1.2 Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median value with a fixed threshold. The working hypothesis (or 'null' hypothesis) is that the median value at the site is equal to or exceeds the threshold. The alternative hypothesis is that the median value is less than the threshold. The Visual Sample Plan (VSP) (Gilbert et al. 2001; Hassig et al. 2002) calculates the number of samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and inputs to the associated equation.
A.1.3 Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to specify sampling locations. A nonparametric formula was chosen because the conceptual model and historical information (e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.
Both parametric and nonparametric equations rely on assumptions about the population. Typically, however, nonparametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of values at the site. The trade-off is that if the parametric assumptions are valid, the required number of samples is usually less than if a nonparametric equation was used.
Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site. Statistical analyses of systematically collected data are valid if a random start to the grid is used. One disadvantage of systematically collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the spatial patterns.
A.1.4 Number of Total Samples: Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see Gilbert et al. 2001 for discussion). For this site, the null hypothesis is rejected in favor of the alternative one if the median is sufficiently smaller than the threshold.
The formula used to calculate the number of samples is: ∆ = the width of the gray region α = the acceptable probability of incorrectly concluding the site median is less than the threshold β = the acceptable probability of incorrectly concluding the site median exceeds the threshold Z 1-α = the value of the standard normal distribution such that the proportion of the distribution less than Z 1-α = 1-α Z 1-β = the value of the standard normal distribution such that the proportion of the distribution less than Z 1-β is 1-β.
Note: MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or unusable data and uncertainty in the calculated value of n. VSP allows a usersupplied percent overage as discussed in MARSSIM (MARSSIM 2000, p. 5-33). The red vertical line is shown at the threshold (action limit) on the horizontal axis. The width of the gray shaded area is equal to ∆; the upper horizontal dashed blue line is positioned at 1-α on the vertical axis; the lower horizontal dashed blue line is positioned at β on the vertical axis. The vertical green line is positioned at one standard deviation below the threshold. The shape of the red curve corresponds to the estimates of variability. The calculated number of samples results in the curve that passes through the lower bound of ∆ at β and the upper bound of ∆ at 1-α. If any of the inputs change, the number of samples that result in the correct curve changes.
This appendix summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for conducting post-sampling data analysis. Sampling plan components presented here include how many sampling locations to choose and where within the sampling area to collect those samples. The type of medium to sample (i.e., soil, groundwater) and how to analyze the samples (in situ, fixed laboratory, etc.) are addressed in other sections of the sampling plan. 
B.1.1 Primary Sampling Objective
The primary purpose of sampling at this site is to compare a mean value with a fixed threshold. The working hypothesis (or 'null' hypothesis) is that the mean value at the site is equal to or exceeds the threshold. The alternative hypothesis is that the mean value is less than the threshold. The Visual Sample Plan (VSP) (Gilbert et al. 2001; Hassig et al. 2002) calculates the number of samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and inputs to the associated equation.
B.2
B.1.2 Selected Sampling Approach
A parametric systematic sampling approach with a random start was used to determine the number of samples and to specify sampling locations. A parametric formula was chosen because the conceptual model and historical information (e.g., historical data from this site or a very similar site) indicate that parametric assumptions are true. These assumptions will be examined in post-sampling data analysis.
Both parametric and non-parametric equations rely on assumptions about the population. Typically, however, non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of values at the site. The trade-off is that if the parametric assumptions are valid, the required number of samples is usually less than if a non-parametric equation was used.
B.1.3 Number of Total Samples: Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Student's t-test. For this site, the null hypothesis is rejected in favor of the alternative one if the sample mean is sufficiently smaller than the threshold.
The formula used to calculate the number of samples is: where n = the number of samples S = the estimated standard deviation of the measured values including analytical error ∆ = the width of the gray region α = the acceptable probability of incorrectly concluding the site mean is less than the threshold β = the acceptable probability of incorrectly concluding the site mean exceeds the threshold Z 1-α = the value of the standard normal distribution such that the proportion of the distribution less than Z 1-α = 1-α Z 1-β = the value of the standard normal distribution such that the proportion of the distribution less than Z 1-β is 1-β.
The values of these inputs that result in the calculated number of sampling locations are shown in Table B .3. The red vertical line is shown at the threshold (action limit) on the horizontal axis. The width of the gray shaded area is equal to ∆; the upper horizontal dashed blue line is positioned at 1-α on the vertical axis; the lower horizontal dashed blue line is positioned at β on the vertical axis. The vertical green line is positioned at one standard deviation below the threshold. The shape of the red curve corresponds to the estimates of variability. The calculated number of samples results in the curve that passes through the lower bound of ∆ at β and the upper bound of ∆ at 1-α. If any of the inputs change, the number of samples that result in the correct curve changes.
